. This intracellular pool of CPY may arise from the trapping of receptors (together with bound ligand) in the Golgi because they are not efficiently recruited into clathrin-coated pits. In this scenario, ALP (and presumably other vacuolar membrane proteins) gains access to budding vesicles whereas the CPY sorting receptor does not. However, CPY could also be trapped in a subpopulation of Golgi-derived vesicles that are unable to fuse with the prevacuolar compartment.
Further experiments are needed before a role for Vps34p in promoting vesicle fusion can be ruled out.
If Ptdlns 3-kinase activity plays a central role in the formation of clathrin coated vesicles at the Golgi, then a similar activity might be expected to be required for the sorting of lysosomal enzymes in mammalian cells. Volinia et al. (1995) have recently identified a mammalian Vps34p-like Ptdlns 3-kinase that is found in a complex with a 150 kDa protein that is highly homologous to VpslSp. Unlike yeast Vps34p, the human homolog is sensitive to low levels of the PI 3-kinase inhibitor wortmannin. The fact that nanomolarconcentrationsofwortmannin induces the rapid missorting of the lysosomal enzyme cathepsin D from mammalian cell cultures strongly suggests that mammalian Ptdlns 3-kinase is the functional equivalent of Vps34p (Davidson, 1995; Brown et al., 1995) .
Wortmannin may cause missorting of cathepsin D by influencing the trafficking of the mannose g-phosphate receptor (MPR), which sorts lysosomal enzymes that bear a mannose 6-phosphate moiety. Extended treatments with micromolar concentrations of wortmannin cause an accumulation of the MPR in the traans-Golgi network (Brown et al., 1995) . Because the drug does not appear to affect secretion, endocytosis, or recycling from the prelysosome, inhibition of Ptdlns 3-kinase activity may block the exit of the MPR from the Golgi. Moreover, the assembly of clathrincoated pits on the Golgi appears normal in wortmannintreated cells. These data are consistent with the model that Ptdlns 3-kinase is required in both yeast and mammals for the recruitment of certain receptors into clathrin-coated vesicles. However, the concentration of wortmannin used in these studies is known to inhibit other protein and lipid kinases. Since catalytically inactive forms of Vps34p interfere with CPY sorting in wild-type yeast, a corresponding mutant form of human Ptdlns 3-kinase should provide a more specific reagent for studying the role of Vps34p-like proteins in MPR trafficking and lysosomal enzyme sorting.
Vpslp and Vps34p Function in Golgi Sorting
All of the data available are consistent with a model, shown in Figure 2 , in which the dynamin-like protein Vpslp and the lipid kinase Vps34p function in clathrin-coated vesicle formation at the yeast late Golgi. We predict that Vpsl p, like dynamin, serves to constrict and pinch off the coated pit and that a Vpslp homolog will also act to promote clathrin-coated vesicle formation from the frans-Golgi network of mammalian cells. The role assigned to Vps34p and Vpsl5p in this model is more speculative. Recent findings suggest that Vps34p, as well as its human homolog, may be required for the recruitment of sorting receptors into Golgi coated vesicles as depicted in Figure 2 . In this scenario, Vps34p is not required for creating the vesicle itself, but rather is required for determining what cargo is sorted into the budding vesicle and thus efficiently sorted to the vacuole. However, a role for Vps34p in the formation or fusion of a subset of transport vesicles is also consistent with the data (see above).
Just as the precise site of function of Vps34p is uncertain, it is also unclear whether Vpslp function is limited to the late Golgi. As previously described, vpsl mutants exhibit a block in membrane traffic leaving the Golgi for the prevacuole. However, Golgi membrane proteins that are redirected to the plasma membrane in vpsl cells transit through the prevacuole after endocytosis. Because they do not recycle back to the Golgi at this point but instead are delivered to the vacuole, vpsl mutants seem to be additionally blocked in retrieval from the prevacuole (Nothwehr et al., 1995) . Both clathrin and Vpslp may also be involved in the retrieval process, an idea that is particularly attractive in light of the similarity of retrieval signals found on yeast Golgi membrane proteins to those required for endocytosis in clathrin-coated vesicles in mammalian cells (Nothwehr and Stevens, 1994) . Alternatively, the block in recycling could be an indirect effect of a block in forward traffic. This is in fact the case in Drosophila shibire mutants, where the paralysis that occurs within 1 min of a shift to the higher temperature is actually due to the depletion of synaptic vesicles, which are derived from recycling endosomes. 
Conclusions
The more we learn about vacuolar protein sorting in yeast, the greater the similarities we find with the process of lysosomal enzyme sorting in mammals. The existence of a prevacuolar compartment intermediate between the Golgi and the vacuole analogous to the prelysosome has only recently been recognized. Moreover, the CPY sorting receptor, VpslOp, seems to have an aromatic amino acidbased signal, similar to that of the MPR, that directs its recycling between the Golgi and prevacuole. It appears that the machinery required for the budding of clathrincoated vesicles from the Golgi, as well as the involvement of a dynamin-like protein and a Ptdlns 3-kinase, is also highly conserved between yeast and mammals. Further analysis of Vpslp and Vps34p and their interacting proteins should contribute greatly to our understanding of vesicle formation. The large number of currently uncharacterized VPS genes, which are likely to encode critical but as yet unidentified players in sorting processes in all eukaryotes, is an indication of just how far we are from understanding vacuolarllysosomal protein sorting in particular and vesicle transport processes in general.
